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(57) There is provided a substrate for a light emitting 
device which includes an electrically conductive and 
transparent film which is in contact with a surface of a 
low refractive index member of which refractive index is 
greater than 1 and not greater than 1.30. In a preferable 
embodiment, the substrate further comprises a trans- 
parent member on its surface which is opposed to its 
surface which has the electrically conductive and trans- 



parent film. There is further provided a light emitting de- 
vice which includes such substrate and a luminous lay- 
er, and the luminous layer is located on the electrically 
conductive and transparent film. 

With such light emitting device, a ratio of light which 
is withdrawn outside through the low refractive index 
member is increased, so that a coupling-out efficiency 
for surface emission of light withdrawn into the ambient 
air Is increased. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present invention relates to a substrate for 
a light emitting device, a light emitting device, and a 
process for the production of a light emitting device. Par- 
ticularly, the present invention relates to a light emitting 
device which is used for various devices such as a dis- 
playing device, an indication devices and a back lighting 
device for a liquid crystal display, a substrate used for 
the production of such light emitting device, and a pro- 
duction process for such light emitting device. In the light 
emitting device as described above, various light emit- 
ting mechanisms (such as an electroluminescent (which 
may be referred to as "EL") mechanism, a photolumi- 
nescent (which may be referred to as "PL") mechanism, 
and a light emission mechanism by means of electron 
radiation) may be used. In addition, the present inven- 
tion relates to a plane lamp (such as a flat fluorescent 
lamp) or a plasma display panel in which such light emit- 
ting device is used. 

Description of the Related Art 

[0002] Hitherto, various displaying devices have been 
developed with progress of the intelligent society. One 
of those devices is an EL device (or an electrolumines- 
cent device) which is expected to be used for an elec- 
tronic display pf a self-emission type. The EL device 
makes use of a luminous phenomenon which occurs up- 
on application of an electric field to a material, and has 
a structure in which an inorganic EL layer or a organic 
EL layer is sandwiched by electrodes. 
[0003] Fig. 1 1 shows a basic stnjcture of one example 
of such an organic EL device wherein a transparent 
electrode 12 as an anode which is made of indium-tin 
oxide (ITO), an organic EL layer 13 and an back metal 
electrode 14 as a cathode are laminated in the referred 
order on a glass plate 11. In such a device, a hole in- 
jected from the transparent electrode 1 2 and an electron 
injected from the back metal electrode 14 recombines 
in the organic EL layer 13, whereby an emission center 
such as a fluorescent dye is excited to result in the light 
emission. The light emitted in the organic EL layer 13 
ejects from the glass plate 11 directly or after being re- 
flected by the back metal electrode 14 made of for ex- 
ample aluminum. 

[0004] Upon the ejection of the light as described 
above, an external efficiency (r|, which is also referred 
to as a coupling-out efficiency) which is defined by a ra- 
tio of a light quantity drawn outside the light emitting de- 
vice to a light quantity generated inside the light emitting 
device is determined by the critical angle Gc when the 
light is totally reflected upon its ejection from a medium 
of which refractive index is n to the ambient air of which 



2 

refractive index is 1 .0 according to a theory of the clas- 
sical optics. According to the laws of refraction, the crit- 
ical angle dc is given by the following equation (1): 

5 

sin ec= 1/n (1) 

[0005] The external efficiency (r|) is obtained by the 
following equation (2) based on a ratio of a quantity of 
10 light passing into the ambient air from the medium of 
which refractive index is n to a quantity of the generated 
light (i.e. sum of a quantity of light totally reflected at an 
interface between the air and the medium and a quantity 
of light passing into the air): 

15 

Tl = 1-(n'-1)'''/n (2) 

[0006] It is noted that when the refractive index n of 
2^ the medium is greater than 1.5. the following approxi- 
mate equation (3) may be used: 

Tl = 1/(2n2) (3) 

25 

However, when the refractive index n of the medium is 
close to 1.00, the above equation (2) has to be used. 
[0007] Since a thickness of the organic EL layer 13 
and a thickness of the transparent electrode 12 are 

30 

smaller than a wavelength of the light, a refractive index 
of the glass plate 11 mainly contributes to the extemal 
efficiency (t^). The refractive index of the glass is gen- 
erally in the range between about 1.5 and 1.6, so that 
the extemal efficiency (ti) is about 0.2 (20 %) according 
to the equation (3). The balance which is about 80 % is 
lost as guided light by means of the total reflection be- 
tween the glass plate 11 and the ambient air. 
[0008] In the above, an example in which the inorgan- 
ic or organic EL layer is used as a light emitting member 
has been explained, and the same explanation is appli- 
cable to a PL device in which a PL light emitting layer 
15 is used as a light emitting member. Fig. 12 shows a 
basic structure of the PL device in which a PL light emit- 
ting layer 15 is laminated on a glass plate 11. With the 
PL device, when a ray such as an ultraviolet ray is irra- 
diated onto the PL layer 15, the PL layer 15 generates 
light, which ejects from the glass plate 11. For the PL 
device, the extemal efficiency {t]) is small as in the case 
of the above EL device, and much light is lost as the 

so 

guided light. 

DISCLOSURE OF THE INVENTION 

[0009] As described above, the extemal efficiency up- 
^ on drawing the light generated in the EL device or the 
PL device from the device into the ambient air (i.e. a 
coupling-out efflciency for surface emission) is small, 
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and such a small external efficiency is a problem not 
only to the EL device or the PL device but also to a gen- 
eral problem throughout a light emitting device which 
ejects surface plane-form light generated in the device 
into the ambient air. 5 
[0010] The present invention has been made consid- 
ering the above problem, and an object of the present 
invention is to provide a light emitting device of which 
external efficiency to draw light outside is higher and of 
which surface luminance is higher, a substrate for such 
light emitting device and a process for the production of 
such light emitting device. 

[0011] In the first aspect, the present invention pro- 
vides a substrate for a light emitting device which sub- 
strate comprises an electrically conductive transparent 
film (electrically conductive and transparent film) which 
is in contact with at least one surface of a low refractive 
index member. The substrate leads to a higher external 
efficiency of light which passes through the low refrac- 
tive index member into the air, so that using such sub- 
strate makes it possible to produce a light emitting de- 
vice of which external efficiency is higher to draw the 
light into the outside of the device. 
[0012] In the first aspect, the substrate for the light 
emitting device in the first embodiment is characterized 
in that it Includes the electrically conductive transparent 
film which is in contact with the at least one surface of 
the low refractive index member of which refractive in- 
dex is greater than 1 and not greater than 1.30. This 
substrate leads to a particularty higher external efficien- 
cy of light which passes through the low refractive index 
member into the air, so that using such substrate results 
in an effective light emitting device of which external ef- 
ficiency is higher to draw the light into the outside of the 
device. 

[0013] For example, the low refractive index member 
may be for example in the form of a layer, a sheet or a 
plate, and has the electrically conductive transparent 
film on one of two surfaces which define the low refrac- 
tive index member. The low refractive index member 
may be considerably thicker in the above described 
form, and In such case, the low refractive index member 
may have substantially at least three surfaces, and for 
example it may be in the form of a rectangular parallel- 
epiped, in which the low refractive index member may 
have two or more surfaces which have the electrically 
conductive transparent electrodes respectively. In the 
first embodiment of the first aspect, the refractive Index 
of the low refractive index member is in the range pref- 
erably between 1.003 and 1.300 and more preferably 
between 1.01 and 1.2. 

[0014] In the first aspect, the substrate for the light 
emitting device in the second embodiment is character- 
ized in that the low refractive index member in the first 
embodiment of the first aspect is made of an aerogel. 
The aerogel may be any known aerogel as far as its re- 
fractive index Is small as described above. In the sub- 
strate, when the aerogel is used, it is advantageous in 



that the low refractive index member which has a further 
lower refractive index in the above specified range is ob- 
tained. 

[0015] In the first aspect, the substrate for the light 
emitting device in the third embodiment is characterized 
in that the low refractive index member in the first or sec- 
ond embodiment of the first aspect is made of a silica 
aerogel. The silica aerogel may be any known silica 
aerogel as far as it has the low refractive index. When 
the silica aerogel is used for the low refractive index 
member, it is advantageous in that the low refractive in- 
dex member has excellent transparency and that it is 
inorganic so that it Is stable upon the preparation of the 
electrically conductive transparent film. 
[0016] In the first aspect, the substrate for the light 
emitting device in the fourth embodiment is character- 
ized in that the low refractive index member in any one 
of the first to the third embodiments of the first aspect 
has two surfaces which are opposed to each other, and 
the electrically conductive transparent film is positioned 
on one of those surfaces and a transparent member is 
positioned on the other surface. That is, the electrically 
conductive transparent film is placed on a surface of one 
side of the low refractive index member while the trans- 
parent member is placed on a surface of the other side 
of the low refractive Index member. Placing the trans- 
parent member as described above results in the pro- 
tection of the low refractive index member by means of 
the transparent member. In addition, since the transpar- 
ent member supports the low refractive index member, 
the strength of the substrate as a whole Is confen^ed. As 
a result, the low refractive index member can be fonned 
in a smaller thickness. 

[0017] In the first aspect, the substrate for the light 
emitting device in the fifth embodiment is characterized 
in that the electrically conductive transparent film in any 
one of the first to the fourth embodiments of the first as- 
pect is made of at least one material selected from the 
group consisting of indium-tin oxide (ITO). Indium-zinc 
oxide, zinc-aluminum oxide, gold, silver, copper and 
chromium. The electrically conductive transparent film 
is particulariy preferably made of indium4in oxide (ITO). 
Since those materials make possible to form the elec- 
trically conductive transparent film having a higher 
transparency, the substrate for the light emitting device 
according to the present invention is preferable for the 
light emitting device. 

[0018] In the first aspect, the substrate for the light 
emitting device in the sixth embodiment is characterized 
in that the transparent member in any one of the first to 
the fifth embodiments of the first aspect is made of a 
glass or a transparent resin (or a plastic material). The 
transparent member of the glass or the transparent resin 
may be for example in the fomn of a layer, a sheet or a 
plate, or it may be a considerably thicker form. Fomiing 
the transparent member of the glass or the transparent 
resin makes the transparent member itself strong, so 
that the strength of the substrate Is ensured. In addition, 
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the transparent member protects the low refractive In- 
dex member. 

[0019] In the first aspect, the substrate for the light 
emitting device in the seventh embodiment is charac- 
terized in that the low refractive index member such as s 
one made of the silica aerogel in any one of the first to 
the six embodiments of the first aspect is in the fonn of 
a thin film. In this embodiment, when the low refractive 
index member is in the form of the thin film made of the 
aerogel such as the silica aerogel, spin-coating or dip- 
coating on the transparent member followed by super- 
critical drying can easily form the aerogel such as the 
silica aerogel in the form of the thin film. 
[0020] In the first aspect, the substrate for the light 
emitting device in the eighth embodiment is character- 
ized in that the low refractive index member such as one 
made of the silica aerogel in any one of the first to the 
seventh embodiments of the first aspect has been made 
hydrophobic. When the low refractive index member 
has been made hydrophobic, degradation of perform- 
ances of the aerogel such as the silica aerogel as to for 
example the refractive index and the light transparency 
is prevented. 

[0021] in the second aspect, the present invention 
provides a light emitting device which comprises a lumi- 
nous layer and the substrate for the light emitting device 
according to the first aspect, and particulariy according 
to any one of the first to the eighth embodiments of the 
first aspect. This light emitting device uses the substrate 
for the light emitting device which provides the higher 
light external efficiency so that a larger quantity of the 
light generated in the luminous layer is drawn into the 
outside (i.e. into the ambient (or sunx)unding) air) of the 
light emitting device. 

[0022] In the second aspect, the light emitting device 
in the first embodiment of the second aspect is charac- 
terized in that it comprises the luminous layer and the 
subsfrate for the light emitting device according to the 
first aspect, and particulariy according to any one of the 
first to the eighth embodiments of the first aspect, and 
that the electrically conductive transparent film has the 
luminous layer on its one surface which is opposite to 
its other surface which has the tow refractive index 
member thereon. That is, this light emitting device has 
the luminous layer on a surface of the substrate for the 
light emitting device which surface is opposed to the low 
refractive index. When such light emitting device is 
used, upon drawing the light which is generated in the 
luminous layer Into the ambient air, the extemal efficien- 
cy of the light which passes through the low refractive 
index member into the air is increased. 
[0023] In the second aspect, the light emitting device 
in the second embodiment of the second aspect is char- 
acterized in that the luminous layer in the first embodi- 
ment of the second aspect is an organic EL layer. This 
light emitting device has a higher extemal efficiency of 
the light generated in the luminous layer, passing 
through the low refractive Index member and withdrawn 



into the ambient air 

[0024] In the second aspect, the light emitting device 
in the third embodiment of the second aspect is charac- 
terized in that the luminous layer inthe first embodiment 
of the second aspect is an inorganic EL layer. This light 
emitting device has a higher extemal efficiency of Uie 
light generated in the luminous layer, passing through 
the low refractive index member and withdrawn into the 
ambient air. 

[0025] In the third aspect, the present invention pro- 
vides another light emitting device which comprises a 
luminous layer which is in contact with a low refractive 
index member. This light emitting device has a higher 
external efficiency of the light which passes from the lu- 
minous layer, through the low refractive index member 
and into the air is increased. 
[0026] In the third aspect, tiie light emitting device in 
the first embodiment of the third aspect is characterized 
in that it comprises the luminous layer which is in contact 
with at least one surface of the low refractive index mem- 
ber of which refractive index is greater than 1 and not 
greater than 1 .30. With this light emitting device, a ratio 
of a quantity of light which passes through the low re- 
fractive index member and ejects into the ambient air to 
a quantity of light which generates in the luminous layer, 
that is the light extemal efficiency is particulariy in- 
creased. 

[0027] In the third aspect, the light emitting device in 
the second embodiment of the third aspect is character- 
ized in that the low refractive index member in the first 
embodiment of the third aspect is in the form of a thin 
film and is located on a transparent member, and the 
luminous layer is located on the low refractive index 
member in the form of the thin film. 
[0028] In the third aspect, the light emitting device in 
the third embodiment of the third aspect is characterized 
in that the low refractive index member in the first or the 
second embodiment of the tiiird aspect is made of an 
aerogel, and preferably of a silica aerogel. 
[0029] In the third aspect, the light emitting device in 
the fourth embodiment of the third aspect is character- 
ized in that the transparent member in the second or the 
third embodiment of the third aspect is a plate and pref- 
erably a glass plate. 

[0030] In the third aspect, as to the low refractive in- 
dex member having the refractive index greater than 1 
and not greater than 1 .30, the low refractive index mem- 
ber being in the form of the thin film, the low refractive 
Index member being made of the aerogel and preferably 
made of the silica aerogel, and the transparent member 
being in the fomi of the plate and preferably in the fomi 
of the glass plate, it is to be noted that the explanations 
described above in conjunction with the same matters 
in the first aspect are applicable. 
[0031] Therefore, in the third aspect, one example of 
the light emitting device is a plane light emitting device 
in which the luminous layer (such as a PL luminous lay- 
er) is fonned above the glass plate, and the silica aero- 
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gel In the form of the thin film is fomned between the 
glass plate and the luminous layer (such as a PL lumi- 
nous layer). With such a plane light emitting device, the 
light which generates in the luminous layer passes 
through the silica aerogel thin film having the lower re- 
fractive index and goes into the glass plate, so that a 
ratio of a quantity of the light which is lost as the guided 
wave is reduced and the extemal efficiency of the light 
which is withdrawn from the surface of the glass plate 
(i.e. the coupting-out efficiency for surface emission) is 
increased, whereby the luminance of the glass plate sur- 
face is increased. 

[0032] In the fourth aspect, the present invention pro- 
vides a further tight emitting device characterized in that 
it comprises a luminous layer located on a transparent 
member, and the luminous layer is made of a low refrac- 
tive index member which contains particles of a lumi- 
nescent material dispersed therein or which cam'es 
such particles. With this light emitting device, the lumi- 
nous layer is made of a material for the low refractive 
index material and the luminescent material in the form 
of the particles, and such luminous layer having the par- 
ticles and formed in the light emitting device is produced 
by forming a coating of a slurry which contains the par- 
ticles and a binder followed by firing the coating so as 
to attach the luminous layer to the transparent member 
strongly. This aspect is advantageous in that the mate- 
rial for the low refractive index functions as the binder, 
so that the external efficiency of the light is increased. 
[0033] In the fourth aspect, the light emitting device in 
the first embodiment of the fourth aspect is character- 
ized in that the low refractive index itself (i.e. the material 
for the low refractive index) has a refractive index which 
is greater than 1 and not greater than 1 .3, and that the 
luminous layer is located in contact with at least one sur- 
face of the transparent member. 
[0034] In the fourth aspect, the light emitting device in 
the second embodiment of the fourth aspect is charac- 
terized in that the low refractive index in the first embod- 
iment of the fourth aspect is made of an aerogel and 
preferably of a silica aerogel. 
[0035] In the fourth aspect, the light emitting device in 
the third embodiment of the fourth aspect is character- 
ized in that the transparent member in the first or the 
second embodiment of the fourth aspect is in the fomi 
of a plate and preferably in the form of a glass plate. In 
this embodiment, the luminous layer is preferably locat- 
ed on one of two surfaces which defines the transparent 
member and which are opposed with each other. 
[0036] In the fourth aspect, as to the low refractive in- 
dex member having the refractive index greater than 1 
and not greater than 1 .30, the low refractive index mem- 
ber being in the form of the thin film, the low refractive 
index member being made of the aerogel and preferably 
made of the silica aerogel, and the transparent member 
being in the form of the plate and preferably in the form 
of the glass plate, it is to be noted that the explanations 
described above in conjunction with the same matters 



in the first aspect are applicable. 
[0037] Therefore, in the fourth aspect, one example 
of the light emitting device is a plane light emitting device 
in which the luminous layer Is made of the thin film of 

5 the silica aerogel which contains the particles of the lu- 
minescent material (such as a PL luminescent material) 
dispersed therein or which carries such particles. With 
such a plane light emitting device, the light which gen- 
erates in the particles of the luminescent material pass- 
to es through the silica aerogel around the particles having 
the lower refractive index and goes into the glass plate, 
so that a ratio of a quantity of the light which is lost as 
the guided wave is reduced and the extemal efficiency 
of the light which is withdrawn from the surface of the 

15 glass plate Is increased, whereby the luminance of the 
glass plate surface is increased. 
[0038] The luminous layer of the light emitting device 
in any one of the embodiments of the third and the fourth 
aspects may be a PL luminous layer or a layer which 

20 emits light by means of irradiation of an electron (or an 
electron beam). In such light emitting device, since the 
luminous layer emits light by means of the photolumi- 
nescence or the electron irradiation, an electrically con- 
ductive film is not necessarily formed on a surface of the 

25 low refractive index member, and it is advantageous in 
that even when the electrically conductive film is fonned, 
a light emitting performance of the light emitting device 
is not so affected by performances of the electrically 
conductive film. 

30 [0039] In the fifth aspect, the present invention pro- 
vides a process for the production of a light emitting de- 
vice, and particulariy the light emitting device according 
to the fourth embodiment of the third aspect. This proc- 
ess is to produce a light emitting device comprising a 

35 silica aerogel thin film on a glass plate and a luminous 
layer (such as a layer made of a PL luminescent mate- 
rial) on the silica aerogel thin film, which process is char- 
acterized in that an alkoxysilane solution is applied on 
the glass plate followed by gelation of the solution to 

40 form a gel material and drying the gel material whereby 
the silica aerogel thin film is formed, and then the lumi- 
nous layer is fonned on the silica aerogel thin film. With 
this process, the silica aerogel thin film is easily formed 
so that the production of the light emitting device such 

45 as a plane light emitting device becomes easy. 

[0040] In the sixth aspect, the present invention pro- 
vides a process for the production of a light emitting de- 
vice, and particulariy the light emitting device according 
to the third embodiment of the fourth aspect. This proc- 

50 ess is to produce a light emitting device comprising a 
luminous layer on a glass plate which layer is made of 
a low refractive index member in the form of a thin film 
which contains particles of the luminescent material dis- 
persed therein or which carries such particles, which 

55 process is characterized in that an alkoxysilane solution 
which contains the particles dispersed therein is applied 
on the glass plate followed by gelation of the solution to 
form a gel material and drying the gel material whereby 
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the luminous layer in is formed as the thin film which Is 
made of the silica aerogel which contains the particles 
of the luminescent material dispersed therein or which 
carries such particles. With this process, the silica aero- 
gel thin film which functions as the luminous layer Is eas- 
ily formed so that the production of the light emitting de- 
vice such as a plane light emitting device becomes easy. 
[0041] In the seventh aspect, the present invention 
provides a plane lamp (for example a flat fluorescent 
lamp) comprising a plane light emitting device charac- 
terized in that the light emitting device of the fourth em- 
bodiment of the third aspect or the third embodiment of 
the fourth aspect is used as the plane light emitting de- 
vice. With this plane lamp, since a luminous plane is 
formed by means of the plane light emitting device as 
described above, and the luminance of a surface of the 
plane light emitting device is large, a bright plane lamp 
is produced. 

[0042] In the eighth aspect, the present invention pro- 
vides a plasma display comprising a plane light emitting 
device characterized in that the light emitting device of 
the fourth embodiment of the third aspect or the third 
embodiment of the fourth aspect is used as the plane 
light emitting device. With this plasma display, since a 
luminous plane is formed by means of the plane light 
emitting device as described above, and the luminance 
of a surface of the plane light emitting device is large, a 
bright plasma display is produced. 
[0043] It is to be noted that the light emitting device 
according to the present invention may be flat or curved 
as a whole. That is, the forms of the substrate for the 
light emitting device and the luminous layer which form 
the light emitting device may be flat or curved. Thus, 
when the light emitting device is of a flat form, each of 
the low refractive index member, the electrically conduc- 
tive transparent film and the transparent member is flat. 
When the light emitting device is of a curved form, each 
of the low refractive index member, the electrically con- 
ductive transparent film and the transparent member Is 
curved with substantially the same curvature. When the 
flat light emitting device is used, a flat plane lamp or a 
flat plasma display is produced. When the curved light 
emitting device is used, a curved plane lamp or a curved 
plasma display is produced. 

[0044] In any one of the embodiments of any one of 
the aspect as described above, a material for the low 
refractive index member may be an aerogel, and partic- 
ulariy a silica aerogel. The fonn of the low refractive in- 
dex member may be a layer, a sheet or a plate of which 
thickness dimension is considerably smaller than the 
other dimensions, or the form of the low refractive index 
member may have a thickness dimension which is of 
the same order as the other dimensions. An appropriate 
form of the low refractive index member may be selected 
depending on the application of the substrate for the 
light emitting device or the light emitting device itself. 
[0045] In addition, in any one of the embodiments of 
any one of the aspect as described above, a material 
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for the transparent member is a transparent glass or a 
transparent resin. The form of the transparent member 
may be a layer, a sheet or a plate of which thickness 
dimension is considerably smaller than the other dimen- 
5 sions, or the fonm of the low refractive index member 
may have a thickness dimension which Is of the same 
order as the other dimensions. An appropriate form of 
the transparent member and an appropriate material for 
the transparent member may be selected depending on 
10 the application of the substrate for the light emitting de- 
vice or the light emitting device itself. 
[0046] Further, in any one of the embodiments of any 
one of the aspect as described above, the electrically 
conductive transparent film is made of at least one ma- 
ts terial selected from the group consisting of indium-tin 
oxide (ITO). indium-zinc oxide, zinc-aluminum oxide, 
gold, silver, copper and chromium. The form of the elec- 
trically conductive transparent film is a layer and partic- 
ulariy a thin layer. An appropriate thickness of the elec- 
20 trically conductive transparent film and an appropriate 
material for the electrically conductive transparent film 
may be selected depending on the application of the 
substrate for the light emitting device or the light emitting 
device itself. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0047] 

30 Fig. 1 schematically shows a cross sectional view 
of one example of a concrete embodiment of a sub- 
strate for a light emitting device according to the 
present invention; 

Fig. 2 schematically shows a cross sectional view 
35 of one example of a concrete embodiment of anoth- 
er substrate for a light emitting device according to 
the present invention; 

Fig. 3 schematically shows cross sectional views of 
examples of concrete embodiments of light emitting 
40 devices according to the present invention wherein 
Fig. 3(a) shows an example having no transparent 
member while Fig. 3(b) shows an example having 
a transparent member; 

Fig. 4 schematically shows cross sectional views of 
45 examples of concrete embodiments of other light 
emitting devices according to the present invention 
wherein Fig. 4(a) shows an example having no 
transparent member while Fig. 4(b) shows an ex- 
ample having a transparent member; 
50 Fig. 5 schematically shows cross sectional views of 
examples of concrete embodiments of further light 
emitting devices according to the present invention 
wherein Fig. 5(a) shows an example having no 
transparent member while Fig. 5(b) shows an ex- 
55 ample having a transparent member; 

Fig. 6 schematically shows a cross sectional view 
of an example of concrete embodiment of a plane 
light emitting device according to the present inven- 
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tion; 

Fig. 7 schematically shows a cross sectional view 
of an example of concrete embodiment of another 
plane light emitting device according to the present 
Invention; ^ 
Fig. 8 schematically shows cross sectional views of 
examples of concrete embodiments of plane fluo- 
rescent lamps according to the present invention 
wherein Fig. 8(a) shows an example using the plane 
light emitting device according to Fig. 6 while 
wherein Fig. 8(b) shows an example using the plane 
light emitting device according to Fig. 7; 
Fig. 9 schematically shows cross sectional views of 
examples of concrete embodiments of plasma dis- 
plays according to the present invention wherein 
Fig. 9(a) shows an example using the plane light 
emitting device according to Fig. 6 while wherein 
Fig. 9(b) shows an example using the plane light 
emitting device according to Fig. 7; 
Fig. 10 shows copies of photos which show light 
emitting states of light emitting devices wherein Fig. 
1 0(a) relates to the light emitting device of Example 
1 while Fig. 10(b) relates to the light emitting device 
of Comparative Example 1 ; 
Fig. 11 schematically shows a cross sectional view 
of one example of a electroluminescent device of 
the prior art; and 

Fig. 12 schematically shows a cross sectional view 
of one example of a photoluminescent device of the 

prior art. 

CONCRETE EMBODIMENTS OF THE INVENTION 

[0048] Concrete embodiments of the present inven- 
tion will be hereinafter explained below. 
[0049] Fig. 1 shows one example of a concrete em- 
bodiment of the substrate for the light emitting device 
(A) according to the present Invention, and the substrate 
Is formed to have a construction in which an electrically 
conductive transparent layer 2 is laminated on one sur- 
face of a low refractive index member 1 . The low refrac- 
tive index member 1 is so prepared in a plane form that 
it has a refractive index in the range between 1 .003 and 
1.300. When the refractive index is greater than 1.300, 
it becomes difficult to produce a light emitting device of 
which light external efficiency (x]) is high. It is better that 
the refractive index of the low refractive index member 
1 is smaller. However, there is a limitation to prepare a 
material (including the silica aerogel) having the lower 
refractive index, and it is not industrially easy to prepare 
the material for the low refractive index member of which 
refractive index is smaller than 1.003. 
[0050] The thickness of the low refractive index mem- 
ber 1 is not particulariy limited, and it is preferably great- 
er than 1 ^m, and more preferably in the range between 
1 ^m and 100 ^im. Generally, when the thickness of the 
low refractive index member 1 is greater than 2 mm, 
there is not so remarkable improvement as to the exter- 



nal efficiency so that such a thicker low refractive index 
member is not so effective. It is noted that the thickness 
of the low refractive index may be in the form of a thin 
film when the transparent member is present, while the 
low refractive index member is preferably thicker when 
the transparent member Is absent. 
[0051] Generally, a refractive index of a solid material 
which is made of an uniform simple substance or com- 
pound is not smaller than 1.3, and a material of which 
refractive index is smaller than 1.3 is necessarily a po- 
rous material. By the way, it is general that even when 
solid portions of a porous material is formed from a wa- 
ter-clear material, light scattering by means of the po- 
rous structure occurs so that the porous material looks 
whitely cloudy. 

[0052] The low refractive index member according to 
the present invention means a finely porous member 
which has a light transparency by means of having an 
appropriate fine porous structure which suppresses the 
light scattering due to the porous structure as described 
above. Such low refractive index member may be made 
of a material such as a silica, a transparent resin (for 
example, a melamine resin or a methacrylic resin) or the 
like which keeps a uniform porous structure. 
[0053] The low refractive index member made of the 
silica is a transparent porous member made of a mate- 
rial which is produced for example by drying a wet gel 
material which is prepared by pH adjustment of a sodi- 
um silicate aqueous solution or hydrolysis and polymer- 
ization reaction of an alkoxysilane to form a solidified 
wet gel material. Among the materials produced as de- 
scribed, a material which has a particulariy high porosity 
is called a silica aerogel. Usually, the silica aerogel is 
obtained by a supercritical drying of a gel material in a 
wet condition. 

[0054] For example, even when a sodium silicate 
aqueous solution is used as a starting material as in U. 
S. Patent No. 5,137,927 or 5,124,364, or an alkoxysi- 
lane is used as a starting material as in U.S. Patent No. 
4,402,927, 4,432,956 or 4,610,863, the silica aerogel Is 
obtained by the supercritical drying process. 
[0055] Concretely, according to U.S. Patent No. 
4,402,927, 4,432,956 or 4,610,863 a gel compound 
having a silica framework in a wet state which is pre- 
pared by the hydrolysis followed by polymerization of 
the alkoxysilane (or silicon atkoxide or alkyl silicate) is 
dried by the supercritical drying in the presence of a sol- 
vent (or dispersion medium) such as an alcohol or car- 
bon dioxide under supercritical conditions exceeding a 
critical point of the solvent. 

[0056] For example, the supercritical drying may be 
carried out by dipping the obtained wet gel material in 
liquefied carbon dioxide as the dispersion medium so 
that a medium which the gel material contains therein is 
replaced with the liquefied carbon dioxide beforehand, 
followed by drying through supercritical conditions of 
carbon dioxide, or by subjecting the obtained wet gel 
material to the supercritical conditions of carbon dioxide 
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in the presence of carbon dioxide and the medium which 
the gel material contains therein so that the medium is 
extracted from the gel material by carbon dioxide, fol- 
lowed by drying. 

[0057] Recently, Japanese Patent Kohyo Publication 5 
Nos. 8-504674 and 10-508569 have described that a 
porous silica of which porosity is similar to that of the 
silica prepared by the supercritical drying is produced 
by drying at conditions even below the supercritical con- 
ditions. Therefore, some of gel materials called xerogel 
may be used for the low refractive index member, and 
the structure of such gel material is not so different from 
that of the aerogel material. 

[0058] In any case of the present invention, the low 
refractive index member is a porous member of which 
porosity is at least about 40 %, preferably at least about 
60 % and more preferably at least about 80 %. As to 
such a tow refractive index member, it is preferable that 
a hydrophobic treatment of the silica aerogel which 
makes the silica aergel hydrophobic as described in U. 
S. Patent No. 5,830,387 is earned out, and the porous 
structure of the silica thus treated can be kept for an 
extended period. It is noted that the larger porosity of 
the low refractive index member is better In the present 
invention, but it is technically not easy for the porosity 
of the low refractive index member to exceed 99.5 %. 
[0059] The low refractive index member made -of 
such as a melamine resin, a methacrylic resin or the like 
is a porous member of the transparent resin. For exam- 
ple, the following may be exemplified: a porous member 
which is obtained by formation of a wet gel of the mela- 
mine resin followed by the supercritical drying as de- 
scribed in U.S. Patent No. 5,086,085; and a porous ma- 
terial of a polymethylmethacrylate resin which is ob- 
tained by preparation of a resin mixture of a polystyrene 
resin and a polymethylmethacrylate resin and then se- 
lectively removing the polystyrene resin by means of its 
dissolution as described in a technical reference "SCI- 
ENCE, Vol. 283. 1 999, p 520". These are only examples, 
and in any case of the porous member, the low refractive 
index member which is used in the present invention is 
a porous member of which porosity is at least about 40 
%. preferably at least about 60 % and more preferably 
at least about 80 %. 

[0060] As described above, the xerogel material or 
the gel material of the resin which may be used in the 
present invention is a porous material of which porosity 
is as large as that of the aerogel material. Therefore, in 
this sense, the aerogel material in the present invention 
includes also the xerogel material and the gel material 
of the resin. 

[0061] Among the materials for the low refractive in- 
dex, the aerogel which is obtained by the supercritical 
drying is preferable since it is easy to produce a porous 
member as the low refractive index having a lower re- 
fractive index of which porosity is not less than 90 %. 
Further when considering steps in the present invention 
such as the fonmation of the luminous layer and the for- 



mation of the electrically conductive transparent film, the 
silica aerogel is the most preferable. 
[0062] It is to be noted that the U.S. Patents, the Jap- 
anese Patent Publications and the technical reference 
refen-ed in the above are incorporated in the present 
specification with references thereto. 
[0063] As described above, the silica aerogel is used 
as the best material for the low refractive index member 
1 . Since the silica aerogel is transparent and it has a 
refractive index which is close to that of air, the tight ex- 
ternal efficiency (ti) obtained according to the equation 
(2) described above can be increased to neariy 1 (100 
%) when the silica aerogel is used. 
[0064] It is preferable that the gel material which is 
obtained by the hydrolysis and polymerization of the 
alkoxysilane as described above is subjected to the hy- 
drophobic treatment according to Japanese Patent 
Kokai Publications Nos. 5-279011 and 7-138375 so as 
to confer the hydrophobic property to the gel material. 
These Publications are also incorporated in the present 
specification with references thereto. It is difficult for 
moisture or water to go into the inside of the silica aero- 
gel material to which the hydrophobic property is thus 
given, so that degradations of the refractive index, the 
light transparency and so on of the silica aerogel is pre- 
vented. 

[0065] The hydrophobic treatment may be earned out 
before or during the gel material is dried. It Is earned out 
by reacting hydroxyl groups of sitanol groups (which are 
on the surface of the gel material with hydrophobic 
groups of an agent for the hydrophobic treatment so that 
the hydroxyl groups are replaced with the hydrophobic 
groups. Concretely, for example, the gel material is 
dipped into a hydrophobic treatment solution comprising 
a solvent in which the hydrophobic treatment agent has 
been dissolved followed by heating if necessary so as 
to carry out the reaction to replace with the hydrophobic 
groups. 

[0066] As the solvent which is used for the hydropho- 
bic treatment, methanol, ethanol, isopropanol, xylene, 
toluene, benzene, N,N-dimethylformamide, hexameth- 
yldisiloxane and the like may be exemplified. There is 
no particular limitation as to the- solvent as long as the 
solvent easily dissolves the agent for the hydrophobic 
treatment and Is able to replaced the medium that the 
gel material contains before the hydrophobic treatment. 
In addition, when the supercritical drying is carried out 
later on, a solvent with which the supercritical drying is 
easily perfonmed is preferable, and preferable examples 
of the solvent are methanol, ethanol, isopropanol, lique- 
fied cariDon dioxide and other material with which those 
listed materials is able to be replaced. 
[0067] As the hydrophobic treatment agent, for exam- 
ple hexa-methyldisilazane, hexamethyldisiloxane, tri- 
methyl-methoxysilane, dimethyldimethoxysitane, me- 
thyl-trimethoxysilane, ethyltrimethoxysilane, trimethyl- 
ethoxysitane, dimetyldiethoxysitane, and metyl-triethox- 
ysilane and so on are exemplified. 
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[0068] The refractive index of the silica aerogel pre- 
pared as described above may be adjust to a certain 
value in the range greater than 1 and not larger than 1 .3 
according to the known art. For example, the refractive 
Index may be freely changed depending on a com- s 
pounding ratio of starting materials for the fomiation of 
the gel material. In order to ensure the performances of 
the silica aerogel such as its transparency, it is prefera- 
ble that the refractive index is adjusted to a value in the 
range between 1.008 and 1.18. 
[0069] The electrically conductive (and) transparent 
film 2 which is formed on the surface of the low refractive 
index member 1 made of the silica aerogel la may be 
formed from indium-tin oxide (ITO), indium-zinc oxide, 
zinc-aluminum oxide, gold, silver, copper, chromium or 
the like. Indium^tin-oxide is particulariy preferable from 
viewpoints of its transparency, its sheet resistance 
(which Is a measure to indicate a surface conductivity 
of the electrically conductive transparent film) and a 
work function. The thickness of the electrically conduc- 
tive transparent film 2 is preferable In the range between 
about 50 nm and 400 nm In order to ensure an appro- 
priate sheet resistance and an appropriate transparen- 
cy. A manner to form the electrically conductive trans- 
parent film 2 on the surface of the low refractive index 
member 1 is not particulariy limited, and any well-know 
manner such as coating the surface of the low refractive 
Index member 1 with a dispersion containing a material 
such as ITO or sputtering such a material onto the low 
refractive index member 1 may be used. 
[0070] Fig. 2 shows another example of a concrete 
embodiment of the substrate for the light emitting device 
(A) according to the present invention wherein an elec- 
trically conductive transparent film 2 is formed on one 
of two surfaces of the low refractive index member 1 
made of the silica aerogel la while a transparent mem- 
ber 3 is placed on the other surface of the two surfaces. 
The transparent member 3 provides the substrate for 
the light emitting device with the strength. The thickness 
of the transparent member 3 Is not particulariy limited 
and it is sufficient that the thickness ensures the 
strength. 

[0071] Even though the transparent member 3 Is ad- 
jacent to the low refractive index member 1 as in the 
concrete embodiment shown in Fig. 2, the extemal effi- 
ciency (t|) of the light withdrawn outside is not greatly 
reduced since the refractive index of the low refractive 
index member 1 has a refractive index which is close to 
1 . That is, those skilled in the art will understand accord- 
ing to the laws of refraction of the classical optics that 
most of emitted light is withdrawn into the ambient air 
when the generated light first goes into and through the 
low refractive index member 1 of which refractive index 
Is close to 1 and of which thickness in not smaller than 
1.0 ^m and then goes into and through the transparent 
member 3 of which refractive index is far larger than 1 
followed by going into the ambient air. 
[0072] For the transparent member 3, a transparent 



resin such as an acrylic resin, a polycarbonate (PC) res- 
in, a polyester resin and a polyethylene terephthalate 
(PET) resin may be used in addition to the glass. Any 
appropriate manner may be used for laminating (or 
stacking) the transparent member 3 and the low refrac- 
tive Index member 1 made of the silica aerogel la. For 
example, during the sol-gel processing stage to form the 
silica aerogel, a manner may be employed in which the 
alkoxysitane solution is applied onto the surface of the 
transparent member 3 by means of the dip-coating 
method or the spin-coating method. The thickness of the 
low refractive index member made of the silica aerogel 
is not particulariy limited. 

[0073] Next, the light emitting device comprising the 
luminous layer and the substrate for the light emitting 
device (A) as described above. 
[0074] Fig. 3 shows examples of constructions of the 
light emitting devices according to the present invention, 
each of which comprises an organic EL layer as the lu- 
minous layer. The substrate for the light emitting device 
(A) as shown in Fig. 1 or 2 has the organic EL layer 4a 
as the luminous layer 4 on a surface of the electrically 
conductive transparent film 2 which surface Is opposite 
to the surface having the low refractive index member 

1 , and a back electrode 14 is placed on a surface of the 
organic EL layer 4a which surface is opposite to the sur- 
face having the electrically conductive transparent film 

2. The organic EL layer 4a may be formed from an or- 
ganic EL material (such as a low molecular weight dye 
material or a conjugated polymer material) which is gen- 
erally used in the art. 

[0075] Further, the organic EL layer 4a may be a mul- 
tilayer laminate comprising a plurality of layers such as 
a hole injection layer, a hole transfer layer, an electron 
injection layer, an electron transfer layer and so on. For 
the back electrode 14, a metal such as aluminum, silver- 
magnesium, calcium and so on may be used. Fig. 3(a) 
shows an organic EL light emitting device not having a 
transparent member 3 on the low refractive index mem- 
ber 1 while Fig. 3(b) shows an organic EL light emitting 
device having the transparent member 3 on the low re- 
fractive index member 1 . 

[0076] With the organic EL light emitting device as de- 
scribed above, a direct current supply 17 is connected 
to the electrically conductive transparent film 2 and the 
back electrode (or back plate) 14, and when an electric 
field is applied across the organic EL layer 4a. light emis- 
sion occurs in the organic EL layer 4a. As shown in Fig. 
3 with arrows, the light which generates in the organic 
EL layer 4a passes through the electrically conductive 
transparent film 2 and the low refractive index member 
1 directly or after being reflected by the back electrode 
14, and goes into the ambient air provided that in the 
case of Fig. 3(b) the light goes into the ambient air after 
further passing through the transparent member 3. 
Since the low refractive index member 1 made offer ex- 
ample the silica aerogel la has the refractive index which 
is very close to 1 , the extemal efficiency of the withdrawn 
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light (t|) is increased as calculated by the above equa- 
tion (2). It is noted that although there is the electrically 
conductive transparent film 2 between the organic EL 
layer 4a and the low refractive index member 1 , the 
thickness of the electrically conductive transparent film 
2 does not substantially affect the external efficiency of 
the withdrawn light (r|) since the thickness of the elec- 
trically conductive transparent film is smaller than the 
wavelength of the light. 

[0077] Fig. 4 shows examples of constructions of the 
light emitting devices according to the present invention 
each of which comprises an inorganic EL layer as the 
luminous layer. The substrate for the light emitting de- 
vice (A) as shown in Fig. 1 or 2 has the inorganic EL 
layer 4b as the luminous layer 4 on a surface of the elec- 
trically conductive transparent film 2 which sur^ce is op- 
posite to the surface having the low refractive index 
member 1 , and a back electrode 14 is placed on a sur- 
face of the inorganic EL layer 4a which surface is oppo- 
site to the surface having the electrically conductive 
transparent film 2. The inorganic EL layer may be 
formed from an inorganic fluorescent material which is 
not particulariy limited as far as it is generally used in 
the art as an inorganic EL material. It is preferable that 
an insulation layer is formed on a surface and particu- 
lariy each surface of the inorganic EL layer 4b. Con- 
cretely, an insulation layer made of a material having a 
high dielectric constant is formed between the electrode 
14 and the luminous layer 4 and/or between the electri- 
cally conductive transparent film 2 and the luminous lay- 
er 4. The insulation layer depends on a material therefor, 
and generally it is made of a material having the high 
dielectric constant such as Y2O3, Si02 or the like may 
be used. Fig. 4(a) shows an inorganic EL light emitting 
device not having a transparent member 3 on the low 
refractive index member 1 while Fig. 4(b) shows an in- 
organic EL light emitting device having the transparent 
member 3 on the low refractive index member 1 . 
[0078] With the inorganic EL light emitting device as 
described above, an alternating current supply 18 is 
connected to the electrically conductive transparent film 
2 and the back electrode 14, and when an electric field 
is applied across the inorganic EL layer 4b, light emis- 
sion occurs in the inorganic EL layer 4b. As shown In 
Fig. 4 with arrows, the light which generates in the inor- 
ganic EL layer 4b passes through the electrically con- 
ductive transparent film 2 and the low refractive index 
member 1 directly or after being reflected by the back 
electrode 1 4, and goes into the ambient air provided that 
In the case of Fig. 4(b) the light goes into the ambient 
air after further passing through the transparent member 
3. Since the low refractive index member 1 made of for 
example the silica aerogel la has the refractive index 
which is very close to 1 . the extemal efficiency of the 
withdrawn light (t)) is increased as calculated by the 
above equation (2). 

[0079] Fig . 5 shows examples of constructions of oth- 
er light emitting devices according to the present inven- 
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tion in which a luminous layer 5 such as a PL luminous 
layer 5 is placed on a surface of a low refractive index 
member 1 made of the silica aerogel la. When the lu- 
minous layer 5 is the PL luminous layer, it is made of a 

5 luminescent material which emits light by means of pho- 
to as energy. The luminescent material is not particulariy 
limited, and an inorganic material, an organic material 
a rare earth metal complex or the like may be used as 
long as it has a photoluminescent property. Fig. 5(a) 

10 shows a light emitting device not having a transparent 
member 3 on the low refractive index member 1 while 
Fig. 5(b) shows a light emitting device having the trans- 
parent member 3 on the low refractive index member 1 . 
[0080] When the light emitting device has the PL lu- 

15 minous layer 5 as described above, electrodes required 
for the application of an electric field are not necessary 
since it emits light by means- of photo as energy, and 
the PL light emitting device is so constructed that the 
low refractive index member 1 is formed as a member 

20 which carries the PL luminous layer 5. 

[0081] As shown in Fig. 5 with arrows, the light which 
generates in the PL layer 5 passes through the low re- 
fractive index 1 and the transparent member 3, and goes 
into the ambient. Since the low refractive index member 

25 1 made of for example the silica aerogel 1 a has the re- 
fractive index which is very close to 1 , the extemal efTt- 
ciency of the withdrawn light is increased as calcu- 
lated by the at>ove equation (2), so that a PL device hav- 
ing an excellent extemal efficiency (ti) is obtained. 

30 [0082] Fig. 6 shows one example of a plane light emit- 
ting device which is formed using the PL device shown 
in Fig. 5(b). in which a glass plate 1 1 is used as the trans- 
parent member 3, a silica aerogel thin film 16 as the low 
refractive index member 1 is laminated on one surface 

35 of the glass plate 1 1 , and a PL luminous layer 5 is placed 
on the surface of the silica aerogel thin film 16. The for- 
mation of the silica aerogel thin film 1 6 on the surface 
of the glass plate 11 is carried out by applying an alkox- 
ysilane solution is applied onto the surface of the glass 

^0 plate 11 by means of the dip-coating method or the spin- 
coating method followed by drying during the sol-gel 
processing stage to fonn the silica aerogel. 
[0083] The PL luminous layer 5 may be formed from 
the PL material as described above. The luminous layer 

^5 uses an inorganic fluorescent material, which mainly in- 
cludes Y203:Eu (red), LaP04:Ce, Tb (green) or 
BaMgAliQ0i7:Eu (blue), and the like. An appropriate in- 
organic fluorescent material is selected depending on 
an intended color of light or a wavelength of an ultravi- 

50 olet ray which is irradiated. Further, the PL luminous lay- 
er 5 may be formed from a material such as a low mo- 
lecular weight dye material or a conjugated polymer ma- 
terial which is generally used for the organic EL lumi- 
nous layer in the art. The formation of the PL luminous 

55 layer 5 on the silica aerogel thin film 16 may be carried 
out by forming a layer of a fluorescent material by means 
of for example the printing method, the sputtering meth- 
od or the like. 
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[0084] The printing method is canied out by for exam- 
ple mixing a fluorescent material, an optional polymer 
and water so as to prepare a slurry and applying the 
slurry onto a surface of the silica aerogel thin film 16 
followed by drying and firing at a high temperature not s 
lower than 500 °C. The slurry may be a water-based 
sluny or an organic-based slurry. 
[0085] In the case of the organic-based slurry, a slurry 
prepared by dispersing a fluorescent material such as 
Y203:Eu and a binding agent in an organic solvent is 
applied onto the surface of the glass plate 11 followed 
by firing at a temperature between 500 and 600 °C 
so as to remove the solvent, whereby the PL luminous 
layer 5 is formed. 

[0086] in the case of the water-based slurry, a slunry 
prepared by dispersing a fluorescent material such as 
Y203:Eu and a binding agent in a solution which con- 
tains a thickener, pure water and a surfactant is applied 
onto the surface of the glass plate 11 followed by firing 
at a temperature between 500 ""C and 600 ""C so as to 
remove water, and the thickener, whereby the PL lumi- 
nous layer 5 is fomied. The binding agent improves 
binding force of the fluorescent material, and for exam- 
ple an alumina sol may be used as the binding agent. 
[0087] The sputtering method may be carried out un- 
der the conditions of an output power in the range be- 
tween 100 W and 300 W, a temperature in the range 
between 200 *'C and 400 **C, and a degree of vacuum 
in the range between about 0.7 Pa and 1 Pa. 
[0088] The thickness of the PL layer 5 is not particu- 
lariy limited, and it is preferably in the range between 
about 0.1 ^m and 500 ^m when it is formed by the print- 
ing method. The thickness of the PL layer 5 which is 
formed by the sputtering method is preferably in the 
range between about 0.05 \im and 1 ^im, and the smaller 
thickness is better. The thickness is appropriately se- 
lected depending on a required light quantity. 
[0089] Upon the formation of the PL luminous* layer 5 
on the surface of the silica aerogel thin film 16, the flu- 
orescent material of the PL luminous layer 5 penetrates 
into a portion of the surface of the silica aerogel thin film 
16 to provide an anchor effect, so that the PL luminous 
layer 5 is laminated on the silica aerogel thin layer 16 
with a strong bonding force, whereby the PL luminous 
layer 5 is attached to the glass plate 1 1 strongly through 
the silica aerogel thin film 16. 
[0090] When an ultraviolet ray is in-adiated onto the 
PL luminous layer 5 in the plane light emitting device 
formed as described above, the PL luminous layer 5 
emits light by being excited by the ultraviolet ray. The 
light generated in the PL luminous layers is injected into 
the glass plate 11 through the silica aerogel thin layer 
16 and ejects outside from a surface of the glass plate 
11. Since the silica aerogel thin film 16 of which refrac- 
tive index is close to 1 is provided between the PL lumi- 
nous layer 5 and the glass plate 11, the light generated 
in the luminous layer 5 goes into the glass plate 11 at a 
small incident angle and then goes out of the surface of 



the glass plate 11, so that a ratio of the light quantity 
which is lost as the guided wave is reduced and a ratio 
of the light quantity which is withdrawn into the air from 
the surface of the glass plate 11 is increased, whereby 
the luminance of the surface of the plane light emitting 
device is increased. 

[0091] In the concrete embodiment shown in Fig. 6, 
the PL layer 5 and the silica aerogel thin film 16 are 
formed as separate two layers, while in the concrete em- 
bodiment shown in Fig. 7. one layer which has both func- 
tions of the PL luminous layer 5 and the silica aerogel 
thin film 16 is provided by forming a luminous layer 5 by 
means of a silica aerogel thin film 16 in which particles 
of the fluorescent material are dispersed or which car- 
ries such particles. The silica aerogel thin film 16 in 
which the particles of the fluorescent material are dis- 
persed or which canies such particles is formed by pre- 
paring an alkoxysilane slurry in which the fine particles 
of the fluorescent material are dispersed and then coat- 
ing the alkoxysilane slurry on the surface of the glass 
plate 11 in any one of the coating manners as described 
above followed by drying. 

[0092] Amixing ratioof the particles of the fluorescent 
material in the alkoxysilane slurry is preferably in the 
range between about 10 % and 60 % by volume based 
on the total volume of the alkoxysilane sluny, and a di- 
ameter of the particles of the fluorescent material is not 
particulariy limited but preferably in the range between 
about 0.1 ^im and 100 jim, and finer is better. With the 
slurry, the particles of the fluorescent material are uni- 
fomily and densely dispersed in the silica aerogel, and 
the silica aerogel functions as a binder to tightly adhere 
to the glass plate 1 1 . When firing Is carried out optionally 
after drying, the tight adhesion is further improved. 
[0093] When an ultraviolet ray is irradiated on to the 
silica aerogel thin film 16 in the plane light emitting de- 
vice fomied as described above, the particles of the flu- 
orescent material in the silica aerogel thin layer 16 are 
excited by the ultraviolet ray to generate light. The light 
generated in the silica aerogel thin film 16 is injected 
into the glass plate 11 and ejects from the surface of the 
glass plate 11 . Since the light goes into the glass plate 
1 1 from the silica aerogel thin film 1 6 of which refractive 
index is close to 1 at a small incidental angle and goes 
out of the surface of the glass plate 11 , so that a ratio of 
the light quantity which is lost as the guided wave is re- 
duced and a ratio of the light quantity withdrawn from 
the surface of the glass plate 11 is increased, whereby 
the luminance of the surface of the plane light emitting 
device is increased. 

[0094] The plane light emitting device (B) formed as 
described above may be used as a light emitting plane 
for a plane fluorescent lamp. Figs. 8(a) and 8(b) show 
examples of the plane fluorescent lamp in which the 
plane light emitting devices (B) shown in Figs. 6 and 7 
are used respectively wherein two plane light emitting 
devices (B) are so placed in parallel that their sides on 
which the PL luminous layer 5 and the silica aerogel thin 
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film 1 6 are opposed to each other, and sealing members 
20 are placed around the plane light emitting devices 
(B), whereby a closed space 21 Is formed which is de- 
fined by the two plane light emitting devices (B) and the 
sealing members 20. In the closed space 21, there is s 
provided a pair of discharge electrodes 22. Marcury, or 
an inert gas such as Xe, Ne or Kr or any gas combination 
thereof is enclosed. 

[0095] With the plane fluorescent lamp formed as de- 
scribed above, when a voltage is applied between the io 
discharge electrodes 22 so as to generate glow dis- 
charge, plasma is formed by means of thermal electrons 
ejected from a discharge electrode 22 and an ultraviolet 
ray is generated from mercury or the inert gas in the 
plasma. A wavelength of the ultraviolet ray depends on is 
an excited substance, and It Is for example, 1 85 nm and 
254 nm. When such an ultraviolet ray Is Irradiated onto 
the fluorescent material -in the PL luminous layer 5 (in 
the case of Fig. 8(a)) or in the silica aerogel thin film 16 
(in the case of Fig. 8(b)) of the plane light emitting device 20 
(B), the fluorescent material is excited so as to generate 
visible light, whereby the plane light emitting device (B) 
emits light to function as a lamp. For a compact plane 
fluorescent lamp, mercury is not used, and it is prefera- 
ble that a vacuum ultraviolet ray (of which wavelength 25 
is 147 nm) which is generated by means of discharge 
of the inert gas makes the fluorescent material generate 
light. Thus, In this case, it is better to use a fluorescent 
material of which excitation sensitivity to the ultraviolet 
ray is high. 30 
[0096] The plane light emitting device B formed as de- 
scribed above may be used as a light emitting plane for 
a plasma display. Figs. 9(a) and 9(b) show examples of 
the plasma display in which the plane light emitting de- 
vices B shown in Figs. 6 and 7 are used respectively 35 
wherein a surface of a substrate 25 on which surface a 
pair of electrodes 24 sandwiching the dielectric member 
23 is located is spaced from a side of a plane light emit- 
ting device (B) on which side the PL luminous layer 5 
and the silica aerogel thin film 1 6 are located so that the 40 
substrate 25 and the device B are placed separately in 
parallel. By providing partition members 26 around the 
substrate 25 and the light emitting device (B). a closed 
space 27 is formed which is defined by the plane light 
emitting device B, the substrate 25 and the partitions 26, 45 
and an Inert gas such as Ne-Xe is enclosed in the space 
27. 

[0097] With the plasma display formed as described 
above, when a voltage is applied between the elec- 
trodes 24 so as to generate glow discharge, discharge so 
plasma is formed by means of thermal electrons ejected 
from the electrode 24 and an ultraviolet ray is generated 
from the inert gas in the plasma. When such an ultravi- 
olet ray is inradiated onto the fluorescent material in the 
PL luminous layer 5 of the plane light emitting device (in 55 
the case of Fig. 9(a)) or in the silica aerogel thin film 16 
(in the case of Fig. 9(b)) of the plane light emitting device 
(B), the fluorescent material is excited so as to generate 



visible light, whereby the plane light emitting device (B) 
emits light to function as a plasma display. 

EXAMPLES 

[0098] Next, the present invention will be explained 
further concretely with reference to the following Exam- 
ples. 

Example 1 

[0099] Solution A was prepared by mixing an oligomer 
of tetramethoxysilane (manufactured by Colcoat Co. 
Ltd, trade name "Methylsilicate 51") and methanol at a 
weight ratio of 47:81. Further. Solution B was prepared 
by mixing water, 28 % by weight ammonia aqueous so- 
lution and methanol at a weight ratio of 50:1 :81 . Then, 
Solution A and Solution B were mixed at a weight ratio 
of 16:17 to form an alkoxysilane solution, which was 
dropped onto one side of a slide glass as a transparent 
member 3 of which thickness was 1 .1 mm and refractive 
index was 1.46, followed by spin-coating at 700 r.p.m. 
for ten seconds. Then, after gelation of the alkoxysilane 
to produce a gel material on the glass, the glass was 
dipped into an aging solution which contained water, 28 
% by weight ammonia aqueous solution and methanol 
at a weight ratio of 1 62:4:640 to age the gel material for 
one day at room temperature. 
[0100] Next, the slide glass having gel material in the 
form of a thin layer aged as described above was dipped 
in an isopropanol solution containing 10 % by weight of 
hexamethyldisilazane so as to carried out the hydropho- 
bic treatment. The slide glass as the transparent mem- 
ber 3 on which the gel material in the form of the thin 
layer was thus formed was dipped In isopropanol so as 
to wash the gel material. Then, the slide glass was 
placed in a autoclave, which was filled with liquefied car- 
bon dioxide and then dried through supercritical condi- 
tions of 80 ''C and 16 MPa, whereby a low refractive 
index member 1 made of a silica aerogel la of which 
thickness was 30 fim and refractive index was 1 .03 was 
formed on the transparent member 3. 
[0101] Then, a PL luminous layer 5 of which thickness 
was 50 nm was formed on a surface which was opposite 
to the surface of the low refiractive index member 1 on 
which the transparent member 3 was fomied so as to 
produce a PL device as the light emitting device as 
shown in Fig. 5(b). The luminous layer 5 was formed by 
the vacuum deposition of aluminum-quinoiinol complex 
(tris(8-quinollnotate)aluminum manufactured by Dojin- 
do Laboratories). 

Comparative Example 1 

[01 02] A PL luminous layer 5 was fomied on one sur- 
face of a slide glass as the transparent member 3 as in 
Example 1 without the fomriation of the low refractive in- 
dex member 1 of the silica aerogel la. 
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[0103] Black light (ultraviolet ray) was Irradiated onto 
the PL devices produced In Example 1 and Comparative 
Example 1 . and fluorescent emission appearance of the 
devices were observed from the side of the transparent 
member 3. Results are shown in Fig. 1 0 wherein Fig. 10 
(a) is a photo of the PL device according to Example 1 
while Fig. 10(b) is a photo of the PL device according to 
Comparative Example 1. 

[01 04] As seen from Fig. 1 0(a), with the device of Ex- 
ample 1 . the fluorescence generated in the PL luminous 
layer 5 lights in a plane fomn while almost no light is tost 
as the guided wave from edges of the device. On the 
other hand, as seen from Fig. 10(b). edges of the device 
of Comparative Example lights strongly, and much light 
generated in the PL luminous layer 5 is lost as the guid- 
ed wave from the edges. 

Example 2 

[01 05] An alkoxysitane solution prepared as in Exam- 
ple 1 was poured in a container made of a styrol resin 
foam and the container was closed followed by leaving 
it at a room temperature so as to carry out the gelation 
of the alkoxysilane and aging of the resulted gel mate- 
rial. Then, the hydrophobic treatment and the supercrit- 
ical drying were earned out as in Example 1, so that a 
low refractive index member 1 was made of a silica aero- 
gel la of which refractive index was 1 .03. The low refrac- 
tive index member 1 had dimensions of 1 cm x 1 cm x 
0.5 cm. 

[0106] Then, an indium-tin oxide (ITO) film was 
formed on one surface of the low refractive index mem- 
ber 1 by the sputtering so as to form an electrically con- 
ductive transparent film 2, whereby a substrate for the 
light emitting device (A) of Fig. 1 was produced. The 
electrically conductive transparent film had a thickness 
of 300 nm. 

[0107] Next, N,N'-diphenyl-N,N'-bis(3-methy!phe- 
nyl)-1,1'-biphenyl-4,4'-diamine (manufactured by Dojin- 
do Laboratories) was vacuum deposited with a thick- 
ness of 50 nm onto a surface of the electrically conduc- 
tive transparent film 2 which surface is opposed to the 
surface which had the low refractive index member 1, 
and then aluminum-quinolinol complex (tris(8-hyroquin- 
oline)aluminum manufactured by Dojindo Laboratories) 
was vacuum deposited with a thickness of 50 nm, so 
that an organic EL layer 4a having a hole transfer layer 
and a luminous layer. Further, aluminum was vacuum 
deposited with a thickness of 150 nm on the organic EL 
layer 4a so as to produce a back electrode 14, whereby 
an organic EL device as shown in Fig. 3(a) was pro- 
duced. 

Example 3 

[01 08] Using the spin coating method, a low refractive 
index member 1 having a thickness of 100 ^m made of 
a silica aerogel 1a of which refractive Index was 1.03 



was formed on one surface of a transparent member 3 
of a glass plate as in Example 1 . The glass plate had a 
refractive index of 1 .46 and its dimensions of 20 mm x 
20 mm X 1.1 mm (thickness). A film of indium-tin oxide 

5 was fonned on the low refractive index member 1 by the 
sputtering method so that an electrically conductive 
transparent film 2 having a thickness of 300 nm was 
fomied, whereby a substrate for the light emitting device 
(A) as shown in Fig. 2 was produced. 

10 [01 09] Using the substrate for the light emitting device 
(A), an organic EL Iayer4a and a back electrode 14 were 
formed as in Example 2 so that an organic EL device 
having a staicture of Fig. 3(b). 

15 Comparative Example 2 

[0110] Example 2 was repeated so as to produce an 
organic EL device except that in place of the low refrac- 
tive index member 1 of the silica aerogel 1a, a glass 
20 plate having a thickness of 1 . 1 mm and a refractive index 
of 1 .46 was used. 

Example 4 

25 [0111] A substrate for the light emitting device (A) 
having a structure shown in Fig. 1 was produced as in 
Example 2. 

[01 12] Then, an insulation layer having a thickness of 
0.4 ^m was made of Si3N4 by the sputtering method on 

30 the surface of the electrically conductive transparent film 
2 of the substrate for the light emitting device (A). A layer 
as an inorganic EL layer 4b made of ZnS:Mn (Mn con- 
centration was 0.5 % by weight) and having a thickness 
of 1 .0 pm was made on the insulation layer by the elec- 

35 tron beam vapor deposition method, and an insulation 
layer having a thickness of 0.4 ^m was made of Si3N4 
by the sputtering method on the inorganic EL layer 4b, 
whereby luminous layer 4 was formed on the electrically 
conductive transparent film 2. Aluminum was vacuum 

^ deposited with a thickness of 150 nm on the luminous 
layer 4, so that a back electrode 14 was formed, where- 
by an inorganic EL device having a structure of Fig. 4 
(a) was produced. 

^5 Example 5 

[0113] A substrate for the light emitting device (A) 
having a structure shown in Fig. 2 was produced as in 
Example 3. Using this substrate (A), an organic EL de- 
50 vice comprising a transparent member 3 of which device 
stnjcture was as shown in Fig. 4(b) was produced by 
providing a luminous layer 4 having an inorganic EL lay- 
er 4b and a back electrode 14 as in Example 4. 

55 Comparative Example 3 

[01 14] Example 4 was repeated so as to produce an 
Inorganic EL device except that in place of the low re- 
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fractive index member 1 of the silica aerogel 1a, a glass 
plate having a thickness of 1.1 mm and a refractive index 
of 1.46 was used. 

[0115] A direct current supply 17 (seven volts) was 
connected to the electrically conductive transparent film 
2 and the back electrode 14 of each of the organic EL 
devices of Examples 2 and 3 and Comparative Example 
2, and a luminance of the surface of the device was 
measured by a luminance meter (LS-110 manufactured 
by Minolta Co. Ltd.). The luminance was at an angle of 
45° relative to a normal of the sur^ce. An alternating 
current supply 18 (100 V and 400 Hz) was connected to 
the electrically conductive transparent film 2 and the 
back electrode 14 of each of the inorganic EL devices 
of Examples 4 and 5 and Comparative Example 3, and 
a luminance of the surface of the device was measured 
by a luminance meter (LS-1 1 0 manufactured by Minolta 
Co. Ltd.)- The luminance was at an angle of 45° relative 
to a nomial of the surface. 
[0116] The results are shown in Table 1 below: 



Table 1 





luminance (cd/m^) 


Example 2 


460 


Example 3 


420 


Comparative Example 2 


150 


Example 4 


290 


Example 5 


270 


Comparative Example 3 


100 



[0117] It is seen from Table 1 that the luminance of 
the light emitting device according to Example 2 or 3 is 
higher than that of Comparative Example 2, so that the 
extemal efficiency of the light is higher in the light emit- 
ting device of Example 2 or 3. In addition, the luminance 
of the light emitting device according to Example 4 or 5 
is higher than that of Comparative Example 3, so that 
the extemal efficiency of the light is higher In the light 
emitting device of Example 4 or 5. 

Example 6 

[0118] A slurry containing a mixture of butyl acetate 
containing 2.0 % by weight of cellulose nitrate (17.5 g) 
and butyl acetate (43.3 g) and a silica (1.5 g, manufac- 
tured by Degussa) as a thickener dispersed in the mix- 
ture was applied on a glass plate 11 of which refractive 
index was 1,46, and the slurry was dried so that a pro- 
tection film was formed on a surface of the glass plate 
11. 

[0119] Solution A was prepared by mixing an oligomer 
of tetramethoxysilane (manufactured by Colcoat Co. 
Ltd, trade name "Methylsilicate 51") and methanol at a 
weight ratio of 47:81. Further, Solution B was prepared 



by mixing water, 28 % by weight ammonia aqueous so- 
lution and methanol at a weight ratio of 50:1:81. Then, 
Solution A and Solution B were mixed at a weight ratio 
of 16:17 to form an alkoxysilane solution, which was 
5 dropped onto the protection film on the glass plate 11. 
which was placed in a rotation chamber of a spin coater, 
so that the alkoxysilane solution was spin-coated on the 
glass plate 11. 

[0120] It is noted that a methanol atmosphere had 

10 been kept beforehand in the rotation chamber of the spin 
coater by charging methanol in the chamber before- 
hand. The glass plate 11 was rotated at 700 rpm for ten 
seconds. After thus spin-coating the alkoxysilane solu- 
tion, the glass plate was left for three minutes so as to 

15 gelate the alkoxysilane to produce a gel material. Then, 
the glass plate having the gel material in the form of a 
thin film was dipped into an aging solution which con- 
tained water, 28 % by weight ammonia aqueous solution 
and methanol at a weight ratio of 162:4:640 to age the 

20 gel material for one day at room temperature. 

[0121] Next, the glass plate 11 on which the gel ma- 
terial in the form of the thin film was fomied was dipped 
in isopropanol so as to wash the gel material. Then, the 
glass plate was placed in a autoclave, which was filled 

25 with liquefied carbon dioxide and then dried through su- 
percritical conditions of 80 ""C, 16 MPa and two hours, 
whereby a silica aerogel thin film 16 of which thickness 
was 20 ^m was laminated on the glass plate 11 . 
[0122] Then, Y203:Eu (fluorescent material in the 

30 form of particles, 24 g), alumina sol as a binding agent 
(manufactured by Nissan Chemical Industries, Ltd. 12 
mg) were dispersed in a mixture of 3.0 % by weight pol- 
yethyleneoxide aqueous solution as a thickener (25 g), 
pure water (5 g) and 0.5 % by weight surfactant aqueous 

35 solution (10 g) so as to form a slurry. The slurry was 
applied onto the silica aerogel thin film 16 of the glass 
plate 11, followed by firing at a temperature of 600 °C 
for ten minutes so as to remove the solvent and the 
thickener, so that a PL luminous layer 5 having a thick- 

40 ness of 30 ^im and comprising Y203:Eu was formed, 
whereby a plane light emitting device (B) having a struc- 
ture shown in Fig. 6 was produced. 

Example 7 

45 

[0123] A protection film and a silica aerogel thin film 
16 were formed on a glass plate 11 as in Example 6. 
Then, a Y203:Eu film having a thickness of 100 nm was 
formed on the silica aerogel thin film 16 by sputtering at 
50 conditions of 400 °C, 0.7 Pa and 200 W, whereby a 
plane light emitting device (B) having a structure shown 
in Fig. 6 was produced. 

Example 8 

55 

[0124] Solution A was prepared by mixing an oligomer 
of tetramethoxysilane (manufactured by Colcoat Co. 
Ltd, trade name "Methylsilicate 51") and methanol at a 
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weight ratio of 47:81 . Further, Solution B was prepared 
by mixing water, 28 % by weight ammonia aqueous so- 
lution and methanol at a weight ratio of 50:1:81. Then, 
Y203:Eu as a particular fluorescent material, Solution A 
and Solution B were mixed (agitation period of one ^ 
minute) at a volume ratio of 40:29:31 , so that an alkox- 
ysilane solution in which the particles of the fluorescent 
material were dispersed. The alkoxysilane solution was 
dropped onto the protection film on the glass plate 11 
followed by spin coating as in Example 1 . Further, as in io 
Example 1 , gelation, aging and supercritical drying were 
carried out so as to form on the glass plate 11a silica 
aerogel thin film having a thickness of 20 \im in which 
the particles of the fluorescent material were dispersed, 
whereby a plane light emitting device (B) having a struc- is 
ture shown in Fig. 7 was produced. 

Comparative Example 4 

[0125] A protection film was formed on a glass plate 20 
11 as in Example 6. and then similariy to Example 6 but 
without the formation of the silica aerogel thin film 16 a 
PL luminous layer 5 of Y203:Eu was formed on the pro- 
tection Aim by the printing method, whereby a plane light 
emitting device was produced. ^5 

Comparative Example 5 

[0126] A protection film was formed on a glass plate 
II as in Example 6, and then similariy to Example 7 but 30 
without the formation of the silica aerogel thin film 16 a 
PL luminous layer 5 of Y203:Eu was formed on the pro- 
tection film by the sputtering method, whereby a plane 
light emitting device was produced. 
[0127] A plane fluorescent lamp was produced using 35 
each of the plane light emitting devices according to Ex- 
amples 6 to 8 and Comparative Examples 4 and 5. An 
inert gas mixture of He and Xe was charged in the closed 
space, and an ultraviolet ray (wavelength of 147 nm) 
was generated by glow discharge in the space. The ul- <o 
traviolet ray generated light, and a luminance of the 
lamp surface was measured at an angle of 45° relative 
to the nonmal as in the case of Table 1 . 
[0128] The results are shown in Table 2 below. 

45 

Table 2 





luminance {cd/m2) 


Example 6 


200 


Example 7 


160 


Example 8 


210 


Comparative Example 4 


110 


Comparative Example 5 


70 



[0129] As seen in Table 2, the lamp of each Example 
has a higher luminance and a brighter plane fluorescent 



lamp is produced. 



Claims 

1 . A substrate for a light emitting device, characterized 
in that the substrate comprises an electrically con- 
ductive transparent film which is in contact with at 
least one surface of a low refractive index member, 
and the tow refractive index member has a refrac- 
tive index greater than 1 and not greater than 1 .30. 

2. The substrate for the light emitting device according 
to claim 1 , characterized in that the low refractive 
index member is made of an aerogel. 

3. The substrate for the light emitting device according 
to claim 1 , characterized in that the low refractive 
index member is made of a silica aerogel. 

4. The substrate for the light emitting device according 
to claim 1 , characterized in that the low refractive 
index member has two surfaces which are opposed 
to each other, and the electrically conductive trans- 
parent film is positioned on one of those surfaces 
and a transparent member is positioned on the oth- 
er surface. 

5. The substrate for the light emitting device according 
to any one of claims 1 to 4, characterized in that the 
electrically conductive transparent film is made of 
at least one material selected from the group con- 
sisting of indium-tin oxide, indium-zinc oxide, zinc- 
aluminum oxide, gold, silver, copper and chromium. 

6. The substrate for the light emitting device according 
to claim 4, characterized in that the transparent 
member is made of a glass or a transparent resin. 

7. The substrate for the light emitting device according 
to any one of claims 1 to 4, characterized in that the 
low refractive index member is in the form of a thin 
film. 

8. The substrate for the light emitting device according 
to claim 3 or 4, characterized in that the low refrac- 
tive index member has been made hydrophobic. 

9. A light emitting device which comprises a luminous 
layer and the substrate for the light emitting device 
according to any one of claims 1 or 4, characterized 
in that the electrically conductive transparent film 
has the luminous layer on its one surface which is 
opposite to its other surface which has the low re- 
fractive index member thereon. 

10. The light emitting device according to claim 9, char- 
acterized in that the luminous layer is an organic EL 
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layer. 

1 1 . The light emitting device according to claim 9, char- 
acterized in that the luminous layer is an inorganic 

EL layer. s 

12. A light emitting device which comprises a luminous 
which is in contact with at least one surface of a low 
refractive index member of which refractive index is 
greater than 1 and not greater than 1 .30. 

13. A light emitting device comprising a low refractive 
index member of which refractive index is greater 
than 1 and not greater than 1.30 is located on a 
transparent member, and a luminous layer is locat- 
ed on a surface of the low refractive index member 
In the fonm of the thin film. 

14. The light emitting device according to claim 12, 
characterized in that the low refractive index mem- 
ber is made of an aerogel and preferably of a silica 
aerogel. 

15. The light emitting device according to claim 13, 
characterized in that the low refractive index mem- 
ber is made of an aerogel and preferably of a silica 
aerogel in the form of a thin film. 

16. The light emitting device according to any one of 
claims 13 io 15, the transparent member is a plate 
and preferably a glass plate. 

17. A light emitting device characterized in that it com- 
prises a luminous layer located on a transparent 
member, and the luminous layer is made of a low 
refractive index member in the form of a thin film 
which contains particles of a luminescent material 
dispersed therein or which carries such particles. 

18. The light emitting device according to claim 17, 
characterized in that the low refractive index is 
made of an aerogel and preferably of a silica aero- 
gel. 

19. The light emitting device according to claim 17, 
characterized in that the transparent member is in 
the form of a plate and preferably in the form of a 
glass plate. 

20. The light emitting device according to any one of 
claims 12 to 15 and 17 to 19 characterized In that 
the luminous layer of the light emitting device is a 
PL luminous layer or a layer which emits light by 
means of irradiation of an electron beam. 

21. A process for the production of a light emitting de- 
vice comprising a silica aerogel thin film on a glass 
plate and a luminous layer on the silica aerogel thin 



film, which process is characterized in that an alkox- 

ysilane solution is applied on the glass plate fol- 
lowed by gelation of the solution to form a gel ma- 
terial and drying the gel material whereby the silica 
aerogel thin film is formed, and then the luminous 
layer is formed on the silica aerogel thin film. 

22. A process for the production of a light emitting de- 
vice comprising a luminous layer on a glass plate 
which layer is made of a low refractive index mem- 
ber in the fomn of a thin film which contains particles 
of the luminescent material dispersed therein or 
which carries such particles, which process is char- 
acterized in that an alkoxysilane solution which con- 
tains the particles dispersed therein is applied on 
the glass plate followed by gelation of the solution 
to fonri a gel material and drying the gel material 
whereby the luminous layer in is fomied as the thin 
film which is made of the silica aerogel which con- 
tains the particles of the luminescent material dis- 
persed therein or which carries such particles. 
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1- -- low refractive index m^iiiber 
la--' silica aerogel 

2- -- electrically conductive transparent film 
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Fig. 6 
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